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PLASMA CONFINEMENT IN A LOW PRESSURE 
ELECT RICALLY GROUNDED R.F. HEATED 
REACTOR AND DEPOSITION METHOD 

This invention relates to deposition systems and 
methods and. more particularly. to a deposition reactor 
system and method for producing a coating containing 
a predetermined component on a substrate from a 
plasma containing such component in an ionized state. 
The deposition of gaseous components on a substrate 

from an ionized plasma is known. For example, silicon 
semiconductor wafers have been provided with silicon 
nitride coatings from a plasma containing ionized nitro 
gen. The plasma can be produced in a variety of ways in 
such prior art systems including the use of radio fre 
quency electrostatic or electromagnetic ?elds. 
Where electrostatic ?elds are used, radio frequency 

energy is capacitively coupled into the plasma gas by a 
suitable arrangement of plate electrodes or the like. 
Often these plate electrodes comprise structural parts of 
the reactor or comprise elements which support the 
substrate upon which the deposition is occurring. 
The use of capacitively coupled systems for produc 

ing deposition plasmas, although common, is not with 
out problems. A minor degree of sputtering or ion im 
plantation is almost always present in such systems and 
results often in unsatisfactory coating quality. More 
over, in capacitively coupled systems, it is sometimes 
more dif?cult to con?ne the plasma to the parts being 
coated. If the plasma comes in contact with metallic end 
walls or various other parts of the reactor, it can be 
come contaminated by grease or similar materials, re 
sulting in contamination of the substrate. 

In other systems in the prior art, an induction coil is 
used to produce an electromagnetic ?eld which is in 
ductively coupled to the plasma gas. Application of 
radio frequency current to the coil results in ionization 
of the gas within the space surrounded by the coil. 
The use of an inductively coupled system sometimes 

reduces problems in connection with con?ning the 
plasma to the area of interest, and also reduces the likeli 
hood of sputtering and ion implantation. However, 
even with inductively coupled systems, contamination 
can result. Contamination may be exacerbated when 
scaling up the size of reactor systems for coating rela 
tively large substrates. The increased power levels typi 
cally necessary when a system is scaled up may result in 
increased arcing. This can cause contamination from 
reactions with the loading door, the vacuum pump, or 
the like. Although arcing can sometimes be reduced by 
the use of higher gas pressures, this may be undesirable 
in many processes. 
An additional problem present in prior art induc 

tively coupled plasma coating reactor systems is the 
dif?culty in obtaining uniformity in the coating. For 
example, a Faraday dark space typically exists near the 
center of an induction coil. This can contribute to a 
non-uniform distribution of the coating. Other phenom 
ena, not entirely understood, may also contribute to 
non-uniformity in the deposition process when using an 
induction coil. 

It is an object of the present invention to provide an 
improved deposition reactor system and method for 
producing a coating containing a predetermined com 
ponent on a substrate from a plasma containing such 
component in an ionized state. 
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2 
Another object of the invention is to provide an im 

proved inductively coupled plasma deposition reactor 
system and method. 
Another object of the invention is to provide a 

plasma deposition system and method which minimizes 
contamination problems and, in addition, which enables 
the production of uniform deposits at power levels 
which are signi?cantly higher than those achieved by 
the prior art. 
Other objects of the invention will become apparent 

to those skilled in the art from the following descrip 
tion, taken in connection with the accompanying draw 
ings wherein: 

FIG. 1 is a schematic perspective view of a deposition 
reactor system constructed in accordance with the in 
vention; and 
FIG. 2 is a perspective view of an alternate form of 

susceptor which may be employed in the system of 
FIG. 1. 
Very generally, in the deposition reactor system of 

the invention, a coating is produced containing a prede 
termined component on a substrate from a plasma con 
taining such component in an ionized state. For exam 
ple, using the invention, silicon nitride coatings can be 
produced on silicon substrates from a plasma gas con 
taining nitrogen in an ionized state. The system includes 
a reactor chamber to which a gas containing the prede 
termined component is introduced. A susceptor within 
the reactor chamber supports the substrate to be coated. 
An induction coil is positioned for inductively coupling 
a radio frequency ?eld to the gas for forming a plasma 
in the reactor chamber in the region of the susceptor. 
The susceptor is maintained at ground potential in the 
radio frequency ?eld. 

Referring now more particularly to FIG. 1, a deposi 
tion reactor system constructed in accordance with the 
invention is shown. The system includes a quartz tube 
11 which de?nes a reactor chamber 13 in which the 
substrate being coated is supported, as will be described 
below. One end of the quartz tube 11 is partially closed 
by an end wall 15 having an opening 17 therein. 
A glass tube 19 is suitably secured to the wall 15 at 

the opening 17, such as by an annular weld 21. The glass 
tube 19 has an opening 23 therein for a pressure sensor 
tube 25 which communicates with a suitable pressure 
transducer, such as a capacitance manometer 27. The 
manometer 27 is connected to a pressure controller 29 
which controls the operation of a butterfly valve 31 
located in the tube 19 downstream from the opening 17. 
The end of the tube 19 opposite the opening 17 commu 
nicates with a molecular sieve 33, which is further con 
nected via a gate valve 35 to a vacuum pump, not 
shown. 
The end of the quartz tube 11 opposite the wall 15 is 

closed by a load door 37 of suitable construction. Typi 
cally, the load door 37 comprises a circular plate having 
an annular flange 39 thereon surrounding the quartz 
tube 11 and sealed thereto by a suitable annular seal, not 
shown. The substrates to be coated are placed in the 
reactor chamber 13, as will be explained below, by 
opening the load door 37 and then closing it. 
Gas is introduced to the reactor chamber 13 through 

the load door 37 by a gas inlet passage 43. The gas inlet 
passage is connected to a suitable source of reaction gas 
or gases, supplied through a gas supply flow control 
system 44. The reaction gases may be of any selected 
single gas or group of gases depending upon the sub 
strate and the type of coating to be produced. 
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Au induction coil 45 surrounds the quartz cylinder 11 
on the outer surface thereof. The induction coil, which 
contains a passage 47 therein for water cooling from a 
cooling supply, not shown, is of a helical con?guration 
coaxial with the cylindrical quartz tube 11. The coil 45 
is electrically connected to a radio frequency generator 
51 of suitable construction to produce, for example, 
radio frequency energy at a frequency range of 160 to 
420 kilohertz. 
For the purpose of monitoring the temperature of the 

substrate within the reactor chamber, an optical pyrom 
eter 53 is suitably positioned and is connected to a tem 
perature controller 55 and a driver ampli?er 57. The 
temperature controller regulates the current in the coil 
45 via the R.F. generator 51 in accordance with the 
temperature of the substrate sensed by the optical py 
rometer. The temperature may be a preset temperature 
level set in the temperature controller. Various devices 
for accomplishing such temperature control are well 
known in the art and therefore are not described in 
detail herein. 

In order to support the substrate or substrates being 
coated within the reactor chamber 13, a support device, 
commonly known as a susceptor, is utilized. The sus 
ceptor shown in FIG. 1, indicated at 59, is a generally 
?at plate having a plurality of circular recesses 61 in its 
upper surface for supporting circular wafers of silicon 
(not shown) for producing a coating of silicon nitride on 
the silicon wafers. Such coatings are useful in the pro 
duction of semiconductor devices and the like for oxida 
tion protection, insulation purposes and active dielec 
trics in devices. Typically, the susceptor 59 is comprised. 
of graphite which is provided with a coating of silicon 
carbide in order to render the susceptor inert to the 
deposition reactions taking place within the reactor 
chamber 13. 

In operating the illustrated deposition reactor system, 
a gas or gases containing a component to be reacted 
with the substrate are introduced from the gas supply 
?ow control system 44 via the gas conduit or tube 43. 
The internal pressure of the reactor chamber 13 is main 
tained via the pressure controller 29 connected to the 
vacuum pump, not shown. Radio frequency energy is 
applied to the coil 45, resulting in the production of an 
electromagnetic ?eld within the reactor chamber 13 in 
the region of the susceptor 59 and the substrates in the 
recesses 61. The radio frequency energy is coupled to 
the gases flowing in the reactor chamber 13. The gas 
molecules are therefore ionized by the ?eld. At the 
same time, the radio frequency energy is electromagnet 
ically coupled to the susceptor 59. 

In accordance with the invention, the susceptor 59 is 
maintained at a ground potential, rather than ?oating as 
is the case in prior art systems. This seemingly innocu 
ous modi?cation results in surprising and signi?cant 
improvements over the operation of prior art reactor 
systems 
More particularly, by grounding the susceptor 59, the 

plasma is con?ned to the volume encased by the coil 45 
and the intensity of the plasma within this region can be 
maintained at signi?cantly higher levels. By way of 
example, in a system wherein the susceptor 59 is un 
grounded, the pressure required to con?ne the plasma 
to the coil region and prevent the plasma from extend 
ing the entire length of the quartz tube 11 can be as 
much as 400 times higher than the pressure required to 
achieve the same thing with the susceptor 59 grounded. 
An additional advantage of grounding the susceptor 59 
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is that a Faraday dark space near the center of the coil 
45 is eliminated, resulting in a very uniform distribution 
of ?eld within the coil. The result is a signi?cant im 
provement in the uniformity of deposition on the sub 
strates. 
Although not entirely understood, it is believed that 

the grounding of the susceptor con?nes the plasma to 
the susceptor region even at extremely low pressures. 
Without grounding, as the pressure is reduced within 
the reactor chamber 13, the plasma becomes more in 
tense and the activated species travel a greater distance 
and can actually reach the ends of the quartz tube 11, 
resulting in contamination because of arcing reactions 
between the plasma and metal components of the reac 
tor. In accordance with the invention, there is essen 
tially no arcing within the chamber and the con?nement 
of the plasma to the region of interest results in a supe 
rior quality deposit. 

ln grounding the susceptor 59, the embodiment of 
FIG. 1 employs an appendage or projection 63 extend 
ing from one end of the main susceptor plate 59. The 
extension 63 is long enough to project beyond the end 
of the coil 45 adjacent the load door, which is also the 
high potential end of the coil. A suitable conductor 65, 
such as a wire, is tied or otherwise attached, through a 
hole 67 provided at the end of extension 63. The wire is 
attached to the interior surface of the conducting load 
door. A wire is attached to the exterior of the load door 
and is terminated at a ground connection 69. The silicon 
carbide coating on the susceptor 59 is extended along 
the extension 63 in order to prevent plasma sputtering 
of the carbon susceptor and a consequent incorporation 
of carbon contamination of the coating on the sub 
strates. At the point where the conductor 65 is con 
nected to the extension, the silicon carbide coating is 
removed so as to provide adequate electrical connec 
tion. However, since this is out of the region within the 
coil 45, the sputtering problem is avoided. 
An alternate technique of grounding is shown in FIG. 

2. Here the electrical conductor 65 is connected directly 
to the susceptor 59 through a hole 67. Since the hole 67 
is within the coil 45, the silicon carbide coating is neces 
sary at the point of contact between the electrical con 
ductor and the susceptor. This may result in a limitation 
on grounding ef?ciency as a result of the high contact 
resistance of the silicon carbide coating. 

It may be seen, therefore, that the invention provides 
an improved plasma deposition reactor system and 
method which reduces contamination problems and 
provides a signi?cant improvement in uniformity of the 
deposit. The reactor system and method of the inven 
tion is of particular bene?t in plasma reactions with 
semiconductor substrates to form high purity dielectric 
layers. Plasma con?nement and unform plasma intensity 
are achieved over a wide range of pressures and temper 
atures, even at high power levels. 

Various modi?cations of the invention in addition to 
those shown and described herein will become apparent 
to those skilled in the art from the foregoing description 
and accompanying drawings. Such modi?cations are 
intended to fall within the scope of the appended claims. 
What is claimed is: 
1. A deposition reactor system for producing a coat 

ing containing a predetermined component on a sub 
strate from a plasma containing such component in an 
ionized state, said reactor system comprising, means 
de?ning a reactor chamber, means for introducing a gas 
containing the predetermined component to said reac 
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tor chamber, susceptor means for supporting the sub 
strate to be coated within said reactor chamber, induc 
tion heating means including coil means positioned for 
inductively coupling a radio frequency ?eld to the gas 
for forming a plasma in said reactor chamber in the 
region of said susceptor means, and means for maintain 
ing said susceptor means at ground potential in the radio 
frequency ?eld. 

2. A system according to claim 1 wherein said 
grounding means are positioned proximate an end of 
said coil means. 

3. A system according to claim 1 wherein said 
grounding means include a portion of said susceptor 
means within said reactor chamber extending beyond 
said coil means. 

4. A method for operating a deposition reactor sys 
tem for producing a coating containing a predetermined 
component on a substrate from a plasma containing 
such component in an ionized state, wherein the reactor 
system includes a reactor chamber, a susceptor for sup 
porting the substrate to be coated within the reactor 
chamber, and an induction coil surrounding the sus 
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ceptor for producing a radio frequency ?eld for form 
ing a plasma in the reactor chamber in the region of the 
susceptor, said method comprising, introducing a gas 
containing the predetermined component to the reactor 
chamber, inductively coupling a radio frequency mag 
netic ?eld to the gas for forming a plasma in the reactor 
chamber in the region ofthe susceptor by energizing the 
coil with a radio frequency current, and maintaining the 
susceptor at ground potential in the radio frequency 
magnetic ?eld. 

5. A method according to claim 4 wherein the sus 
ceptor is held at a temperature below about 750° C. 

6. A method according to claim 4 wherein the prede 
termined component is a chemical element. 

7. A method according to claim 4 wherein the prede 
termined component is nitrogen. 

8. A method according to claim 4 wherein the sub 
strate is silicon. 

9. A method according to claim 4 wherein the gas 
pressure in the reactor is less than atmospheric. 
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